Pheromone 3 mRNA of the ciliate Euplotes octocarihatus contains three in-frame UGA codons that are translated as cysteines. This was revealed from cDNA sequencing and from plasma desorption mass spectrometry of cleaved pheromone 3 in connection with pyridylethylation of the fragments. N-terminal sequence analysis of carboxymethylated protein confirmed this conclusion for the first of the three UGA codons. Besides UGA the common cysteine codons UGU and UGC are also used to encode cysteine. UAA functions as a termination codon. Preparation of RNA. Total RNA was prepared by disruption of 1-3 x 107 cells in 8 M urea/4 M LiCl in a PotterElvehjem homogenizer, followed by precipitation on ice overnight. RNA was collected by centrifugation, dissolved in 10 mM Mops, pH 7.5/0.5% SDS, and extracted three times with phenol/chloroform/isoamyl alcohol (25:24:1) and once with chloroform/isoamyl alcohol (24:1). Total RNA was then precipitated by addition of 0.1 volume of 4 M LiCl and 2.5 volumes of absolute ethanol.
It has generally been assumed that all ciliates deviate from the universal genetic code by translating UAA and UAG as glutamine and using UGA as the sole termination codon. This assumption was based on sequence analyses of genes in four genera: Paramecium (1, 2), Tetrahymena (3-7), Stylonychia (8) , and Oxytricha (9) . Recently this view was challenged by the finding that in Euplotes crassus (10) and Euplotes raikovi (11) , UAA is used as a termination codon, indicating that the Euplotids differ in this respect from other ciliates. Here we report on the cDNA and amino acid sequence of pheromone 3 of Euplotes octocarinatus. Pheromone 3 is one of four signal substances secreted by mature cells of E. octocarinatus when they are moderately starved (12) . It induces competent cells of other mating types to prepare for conjugation. The finding that in Euplotes the UGA codon, the sole stop codon in other ciliates, encodes cysteine whereas the UAA triplet, found in other ciliates to encode glutamine, is used as a stop codon suggests that the use of termination codons had not yet been fixed by the time the ciliates diverged from other eukaryotes. 1 1 MATERIALS AND METHODS Cells and Culture Conditions. E. octocarinatus strain 3(58)-IX was used in this study. The strain is homozygous for the mating type allele mt?. It was grown in Fernbach flasks in SMB III medium as described (13) , using the photosynthetic flagellate Chlorogonium elongatum as a food source.
Preparation of RNA. Total RNA was prepared by disruption of 1-3 x 107 cells in 8 M urea/4 M LiCl in a PotterElvehjem homogenizer, followed by precipitation on ice overnight. RNA was collected by centrifugation, dissolved in 10 mM Mops, pH 7.5/0.5% SDS, and extracted three times with phenol/chloroform/isoamyl alcohol (25:24:1) and once with chloroform/isoamyl alcohol (24:1). Total RNA was then precipitated by addition of 0.1 volume of 4 M LiCl and 2.5 volumes of absolute ethanol.
Poly(A)+ RNA was prepared by affinity chromatography on oligo(dT)-cellulose (Bethesda Research Laboratories) as recommended by the supplier with the exception that Mops was used as the buffer instead of Tris. Poly(A)+ RNA was precipitated by the addition of LiCI and ethanol as described above and redissolved in water. Quantity and quality were determined spectrophotometrically by measuring absorption at 260 and 280 nm (14) .
cDNA Synthesis and Cloning. The cDNA library was constructed (15) in the vector AgtlO. The cDNA was treated with S1 nuclease and ligated with EcoRI linkers prior to its insertion into the EcoRI site of the vector. The pheromone 3 gene was identified by plaque hybridization with the synthetic oligodeoxynucleotide 5'-GTRTANGGYTCYTCCCA-3', corresponding to the N terminus of the secreted pheromone, and was isolated by standard techniques (14) .
DNA Sequencing. Eight positively hybridizing plaques were obtained from 105 transformants. Five of them were further subcloned for sequencing by the dideoxy chain-termination method. Their nucleotide sequences were determined from double-stranded and single-stranded templates (pUC12, pT7T3, M13mpl8, and M13mp19 as sequencing vectors) according to the sequencing strategy outlined in Fig. 1 1To whom reprint requests should be addressed.
IThe sequence reported in this paper has been deposited in the GenBank data base (accession no. M63389).
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Fig. 1 . The combined sequence of the five inserts is given in Fig. 2 Laser desorption mass spectrometry revealed for pheromone 3 a mass of 11,350-11,400 Da, which is in accordance with the mass calculated from the DNA sequence. Gel filtration chromatography and SDS/polyacrylamide gel electrophoresis had previously indicated a molecular mass of -20,000 Da (13) . The reasons for this discrepancy are unknown.
Since UGA has been shown to function as a stop codon in other ciliates, one might consider the possibility that the gene sequenced by us is a pseudogene that is transcribed but not translated. However, no other sequence than the one shown in Fig. 2 has been found among five independently isolated clones, and hence this notion appears unlikely.
For several prokaryotes and eukaryotes it has been shown that some of their UGA triplets encode selenocysteine (17) (18) (19) (20) (21) (22) . We have considered this possibility, but we were unable to detect selenium in pheromone 3 by "ICP" analyses (inductively coupled plasma, JY 70 Plus, Jobin Yvon).
To obtain information on the nature of the UGA-encoded amino acid, we digested pheromone 3 proteolytically and measured the masses offragments before and after treatment with 4-vinylpyridine (Table 1) . Pyridylethylation resulted in enhancement ofthe masses offragments containing cysteines and residues encoded by UGA. The increments of the masses indicated that both types of residue were modified. This suggested that the UGA codons specified an amino acid with either a sulfhydryl or a selenohydryl group. The measured mass values strongly argue for cysteine and exclude selenocysteine.
For technical reasons pheromone 3 was initially not available in amounts sufficient for carboxymethylation and direct sequencing. However, we have now been able to do this for the N-terminal part of pheromone 3 and identified residues 3, 15, 21, and 27 (the first of the three UGAs codes for residue 27) as carboxymethyl cysteines.
DISCUSSION
Deviations from the standard genetic code have been reported primarily for mitochondria, but also for nuclear genes of several organisms (23) . In the prokaryotes Mycoplasma capricolum, M. pneumoniae, M. genitalium, and M. gallisepticum, UGA is not used for termination but codes for tryptophan instead (24, 25 (27) , and for the ciliates Paramecium (1, 2), Tetrahymena (3-7), Stylonychia (8) , and Oxytricha (9) and the algae Acetabularia cliftonii and A. mediterranea (28) , where UAA and UAG encode glutamine. In the case of mammals and some prokaryotes-which otherwise use the standard genetic code-UGA directs the incorporation of selenocysteine in selenoproteins (17) (18) (19) (20) (21) (22) . Our results show that in the pheromone 3 gene of E. octocarinatus, UGA is translated, like UGU and UGC, as cysteine and that UAA functions as a termination codon. UAG codons have not been found. At the moment it is unclear whether the UGA codon is used in Euplotes as a third cysteine codon throughout the genome or whether it is used only in some genes, perhaps genes expressed under specialized conditions. In the first case, we would be confronted with a situation comparable to that known for Paramecium, Tetrahymena, and other ciliates, where stop codons are used to encode an amino acid apparently throughout the genome, with the difference, however, that UGA in Euplotes-the sole stop codon in these ciliates-would now code for an amino acid. In the latter case we would be dealing with a site-specific variation in coding, perhaps comparable to the situation in the genes coding for selenoproteins. Whether the translation of the UGA codon into cysteine in Euplotes is due to an extra tRNACYS or a reduced codon specificity on the side of a common tRNACYS, or to some other mechanism, must be left for further investigations. However, independent of the possibility that the UGA-encoded cysteines might be restricted to particular genes-perhaps the translation of their UGA codons being used for regulatory purposes-the data are also of interest with respect to the evolution of the genetic code. They support the view that the Euplotids separated early from other ciliate branches (29) and suggest that the rules used by eukaryotes to translate mRNA into polypeptides had not yet been fixed by the time that the ciliates diverged from other eukaryotes, about a billion years ago.
